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Abstract 
The focus of this research is to create a tool that will take into account wind, solar, and biomass resources 
at a location and determine how these three sources of energy would be best combined into a hybrid 
system to meet the load demand. The tool will allow the user to input the specifications for various 
models for each type of system, and then meet the load based on user inputted parameters (e.g., a 
requirement to meet 90% of the load at all times). The cost of energy will then be analysed, allowing the 
user to see what combination of elements would result in the least expensive cost of energy, as well as 
different ways the load may be met. The tool, which is nicknamed here HYPORA (for Hybrid Power 
Optimized for Rural/Remote Areas) will take into account not only the scientific basis of renewable 
energy; it will also account for economic and need factors, including government incentives. It is based 
on Microsoft EXCEL platform and can be used by engineers and scientists, as well as general public, 
policymakers, investors, and students, due to its user-friendliness. 
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Nomenclature 
V is the wind velocity (m/s) 
T is the swept area of the turbine (m2) 
W is the power produced by a wind turbine (power per unit area  W/m2) 
Cp is the power coefficient 
S is the power produced by one solar panel (W) 
L is the load, the desired amount of power from the system (W) 
N is the number of solar panels 
A is the amount of fuel needed for the biomass contribution (lbs) 
B is the amount of power produced by one pound of biomass (W) 
1. Background 
1.1. Introduction 
Across the globe, millions of people are living with limited or no access to electricity and power systems. 
life [1]. Currently a large portion of power used in the world is generated through fossil fuels, which are 
expensive, depleting, and are known to have harmful effects on the environment due to carbon emissions 
from their use. Therefore, many people around the world are interested in finding greener alternatives to 
these traditional fuel sources.   
Certain rural and remote areas pose a special problem because of the cost of connecting to a power grid or 
finding a reliable power supply. Some 75% of the rural population in Africa does not have access to 
electric power even for what are considered to be necessities, such as schools and hospitals [2]. Remote 
area operations, such as those for scientific exploration in Antarctica or small islands, depend on the 
diesel fuel delivered for generators and face a high premium. In all such cases the true cost of fuel needs 
FBCF. It is estimated that the FBCF for military operations stationed in Afghanistan is as much as 40 
times the conventional purchasing cost or well over $ 40 US per liter of gasoline [3], which is then used 
for electric power production. Thus, alternatives suitable for rural and remote areas are becoming more 
feasible because of the poorly-maintained, highly-interrupted, or simply inexistent power grid. 
One solution that addresses the above issues is a hybrid decentralized power plant, which uses renewable 
resources such as wind, solar radiation, and biomass sources available at a particular location to produce 
electricity. This electricity can be produced independently of the grid, or it can supplement the grid, 
reducing effective electricity costs for the user as well as the society, and allowing any excess energy to 
be sold back to the grid. Such decentralized renewable energy systems need to be optimized for the 
energy conversion, local need and its flexibility, and available funding and incentives. 
The focus of this research project is to create a computer tool, nick-named HYPORA (for Hybrid Power 
Optimized for Rural/Remote Areas) that will optimize the hybrid power systems based on user inputs 
relevant to the local situation using a friendly platform. This ultimately will allow local entrepreneurs, 
politicians, leaders, and investors to formulate their policies and to allocate funds to the energy systems 
that would benefit the people and applications where there is most energy need.  
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There are hybrid power related existing analysis tools available in the literature [4, 5, 6, 7, 8] and each 
one serves a different niche. The tool presented here, HYPORA, incorporates such advantages as user-
friendliness, flexibility in local needs, and government incentives to any specific types of energy. Starting 
from the fundamentals of energy conversion, utility of HYPORA is described below, complete with an 
example.  
 
1.2. Objective 
The objective of this research is to create a tool, HYPORA, to help users determine what combination of 
wind, solar, and biomass systems would best meet their criteria, based on the load demand required of the 
system and the resources available in the area. HYPORA can be used to see how different levels of 
investment could build systems to meet power requirements for rural/remote areas, and determine the 
levelized cost of energy in a specific region. Also it can be used to determine power production as well as 
to examine the effects of feed-in tariffs and government subsidies. 
Table 1 on the next page provides a brief comparison between HYPORA and some of the existing 
analysis tools developed by the National Renewable Energy Laboratory [4-8].  
Based on the above information HYPORA will fill the need for a simple and quick tool that is easily 
accessible and uses a familiar interface for users with a limited knowledge on the topic of renewable 
energy, or who understand the topic but do not have the time to learn to use more complicated programs. 
1.3. HYPORA 
A small, decentralized power plant could be built in any location, including remote and developing areas. 
By taking into account the renewable resources such as wind, radiation from the sun, and biomass these 
power plants could be optimized to meet local electricity demand without being connected to a power 
grid. The term optimization means that the system will be able to meet specific user defined criteria or 
constraints, such as providing a set minimum amount of energy daily or even hourly. This could improve 
the quality of life for many people around the world who have limited or no access to electricity. Using a 
hybrid system will allow the greatest energy conversion at all times of the day. For example, a solar 
system will only generate power during the day when sunlight is available, while a wind turbine only 
works within a specific range of wind speeds (between the cut in and cut out speeds). 
HYPORA is created in Microsoft Excel for two reasons, the first being that resource (i.e. wind, solar) data 
is readily available from agencies such as NREL (National Renewable Energy Laboratory) and NSRDB 
(National Solar Radiation Database) in the Excel format [9,10]. The second is that Excel is an easy and 
familiar format for the user to interact with, and allows the user to follow the steps taken in many of the 
calculations. 
Needless to say, HYPORA is being continuously updated to include new features.  
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Table 1-- Comparison between existing products 
Feature Our Tool 
 
HOMER Hybrid2 Vipor 
Variety of Energy 
Types 
Wind, solar, 
biomass 
Wind, PV, 
hydro, batteries, 
fuel cells, diesel,  
and more 
Wind, PV, diesel, 
battery, dump load 
Centralized and 
isolated generation 
systems 
User Defined 
Prices 
Yes Yes Yes Integrates with 
HOMER 
Scale of 
Generation 
Designed for small 
scale systems 
Off-grid or 
connected 
distributed 
energy systems 
Wide range of sizes Rural 
electrification 
Minimum Energy 
Specified by User 
Yes overall % of 
load or minimum 
Load specified Load specified Expected electrical 
demands 
User Defined 
Load 
Yes - hourly Yes - hourly Yes - hourly Yes  also terrain 
and existing power 
plant information 
Platform Excel  Programmed in 
VisualBASIC 
 
Optimize by Cost Yes Yes Provides economic 
analysis 
Yes 
Optimize by 
Load Profile Fit 
Yes No Provides analysis 
of given system, 
not optimization 
Yes 
Level of 
Familiarity 
Required 
Familiarity with 
Excel 
Requires a 
background in 
renewable 
energy 
Limited knowledge 
of hybrid systems 
General 
knowledge of 
renewable energy, 
program  not fully 
developed 
Automatically 
Analyse Data 
Yes (user must first 
download data) 
Yes (average 
annual or 15 
minute load or 
resource data) 
Uses hourly data, 
user must import 
Takes into account 
terrain, geography 
Accounts for 
feed-in tariffs and 
incentives 
Yes Unknown Unknown Unknown 
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2. Using HYPORA 
2.1. User Inputs 
The user is required to input the specifications for the models of wind turbine, the solar panels, and 
biomass system being considered for implementation. This can be made simpler with extension of 
HYPORA to readily input such values. Each variable can be changed, allowing a variety of combinations 
of size and price to be considered. In this way users can see what the optimum result would be using the 
specifications for the existing models of components available on the market. Since the user enters the 
price information for the systems, HYPORA can be used with success even as the prices in the 
marketplace change and new, more efficient models become available.  
2.2. Wind 
HYPORA requires the user to input the average hourly wind profile for the specified location. It is shown 
how the data can be obtained from the current sources [11, 12]. For the specified hub height of the 
turbine, the wind speed at the hub height is calculated using the exponent law (equation 1) [13]: 
V = Vref * (H/Href)   (eq. 1) 
where Href is the height at which the data is provided, Vref is the velocity of the data at the measuring 
height, H is the desired height of the turbine, and  which determines 
how the wind speed varies with height from the ground, typically this value is 1/7.  
Using this information the power produced by the turbine per unit swept area, W, is calculated via 
equation 2 [14]: 
W = 0 *V3  (eq. 2) 
 The power coefficient (Cp) changes with wind speed, as can be seen in fig. 1. The Cp in this 
example is for a Seimens 3MW wind turbine. 
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Fig. 1--  Variation of power and Cp with wind speed   
  
Clearly, Cp changes with wind speed. In HYPORA, a third order polynomial was fit to the power 
coefficient curve. It exhibits a similar trend to the Seimens 3MW wind turbine, increasing until about 5 
m/s to a max value of about 0.4, and then decreasing. This polynomial is then used to calculate the Cp for 
each wind speed, which is then used in the calculation of the power. The polynomial is used in 
IF  in the software, as the third order polynomial results in extremely high 
Cp for wind speeds above 20. Therefore, the following condition is used: 
If the wind speed is less than 20 m/s, apply the following third order polynomial to determine the power 
coefficient: 
y = 0.0005x3 - 0.0186x2 + 0.1911x - 0.0898   (eq. 3) 
If the wind speed is 20 m/s or greater, then the power coefficient Cp is set to 0.15, based on a quick 
observation of Fig. 1. The curve governing the power coefficient can vary by turbine model. Therefore, 
this is used as a guideline, but the user who is familiar with excel could easily make changes to the 
formula for the Cp as necessary.   
2.3. Solar 
For the solar portion, the user inputs the area of a single solar panel, the solar panel efficiency, and the 
cost parameters for the solar panels based on local market conditions. Using this information in 
conjunction with the hourly solar irradiation data, the power production from one solar panel is calculated 
as follows: 
S =  (eq. 4) 
where S is the amount of power produced by a solar panel, A is the area of  the solar panels, I is the solar 
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Once the power produced by one solar panel is determined, various numbers of solar panels are 
considered. The following scheme is used: the power produced by the turbine is subtracted from the 
required amount of energy (which is the load demand multiplied by the minimum percent of energy 
required at all times). The difference between the required amount of energy and the energy produced by 
the turbine is what needs to be generated from the solar and biomass systems combined.  
2.4 Load Requirement 
L = M*R  (eq. 5) 
where L is the load,  M is the minimum amount of load that must be met at all times as a percent and R is 
the total required amount of power. As an example, if 80% of the required load must be met at all times, 
and the load at midnight is 100 kW, then the required power is 80kW. So if the turbine generated 50 kW, 
then 30 kW must be generated from biomass and solar. 
When available, solar energy is used. The first step in determining the number of solar panels is to 
calculate the number of solar panels that would be needed to generate the power not generated by the 
turbine for each hour. This is done by dividing the remaining load by the power produced by one solar 
panel. The following condition is applied:  
N = (L  T*W)/S (eq. 6) 
N is the number of solar panels needed unless there is no solar irradiation (night) in which case the # of 
solar panels = 0. 
Since the amount of solar irradiation hitting the earth varies by time of day, the power produced by the 
solar panels varies by time of day. It follows that different numbers of solar panels will be required to 
meet demand at different times of the day, and that during the night any power required not produced by 
the turbine must be supplied by the biomass system. Clearly, a solar system will involve a specific 
number of solar panels, which will remain constant. Therefore finding the optimum number of panels is 
necessary. Based on the number of solar panels determined for each hour, the maximum number of solar 
panels is identified. Then the power produced by the solar panels for each hour is determined, using the 
max number of solar panels at all hours, 90% of the max number, 80% of the max number, and so on to 
10%. This results in 10 possible combinations of solar, wind, and biomass, in addition to the condition 
that the turbine produces enough energy at all times, and wind and solar combined provide enough energy 
or the possibility that there is no turbine and the combination of solar and biomass produces enough 
power at all times.  
2.4. Biomass 
The biomass portion is used to compensate for times when wind and solar do not meet the required power 
condition. The amount of fuel required is calculated as follows: 
A = [L  (T*W+N*S)]/B  (eq.7) 
where A is the amount of fuel necessary and B is the amount of power produced by one pound of biomass 
fuel. 
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This is repeated for each combination of wind power and the number of solar panels (which varies as 
described above). 
2.5. Selection 
For each combination of wind, solar, and biomass the energy production is compared to the load. The 
difference between the total energy produced and the load is the excess energy. Any system for which the 
excess energy is greater than or equal to zero will satisfy the needs for the given location. Once the 
possible systems have been identified, the user defined selection criteria are applied. In the case for which 
cost is the main concern, the total costs of the systems are calculated using the pricing information 
supplied by the user, and system with the lowest cost of energy is selected. In the case for which 
minimizing overproduction is a concern, the excess energy for the average day is totaled, and the design 
with the least excess energy is selected. In the case for which excess energy available and if local 
authorities/utility companies buy it back, that is also accounted for. 
A screen shot of the input is shown in figure 1 and a screenshot of a very small portion of calculation 
process is shown in Figure 3 below. 
 
 
 
 
 
Fig. 2  Screen shot of input screen 
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Fig. 3-- Screenshot of a portion of calculation process 
3. Discussion 
3.1. The model 
This model was developed to help an individual or organization decide how best to spend their money in 
order to supply power to meet a load using a small, hybrid, decentralized system. This type of system 
could be used to benefit people in rural or developing areas. Prices for hybrid systems are dynamic and 
local and they fluctuate due to a number of factors. Of particular interest is the availability of government 
subsidies and incentives, and HYPORA allows users to input prices that reflect such subsidies in their 
area. 
An interesting aspect of renewable energy is that governments are often interested in encouraging the 
growth of the technology. For example in Germany (and many other countries in the European Union) the 
- -in tariffs reward investors for investing in 
renewable energy by paying owners for the energy sold to the public grid. The owner is paid a certain 
amount of money per kilowatt-hour, and this amount will change over time. This is to encourage 
investment in and development of renewable energy systems; as the systems become more developed and 
therefore competitive, the government will reduce the feed-in tariff. Currently Germany offers these feed-
in tariffs for solar, wind, and biomass [16]. As can be seen in the table, different members of the EU have 
their own approach to feed-in tariffs, and the amount delegated to each type of energy varies depending 
on which areas require additional growth [17]. 
 
#solar panels= 54439 cost of system ($) 29592416.58 
hour of day solar power prod. (kW) Remaining kW needed w/ solar and turbine lbs of biomass needed total kW Excess kW total excess kWh/day 29390.83 
midnight - 0 0 60 4800 60.00 0.00 total biomass kW 284 
1 0 60 4800 60.00 0.00 total lbs of biomass 22723 
2 0 42 3345 60.00 0.00 total tons of biomass 11.36 
3 0 4 346 60.00 0.00 
4 0 -26 0 96.11 26.11 
5 0 -26 0 100.85 25.85 
6 64 0 0 160.00 0.00 
7 1495 -1371 0 1591.13 1371.13 
8 2671 -2669 0 2819.50 2669.50 
9 3016 -3053 0 3207.95 3052.95 
10 3361 -3400 0 3579.76 3399.76 
11 3680 -3770 0 3920.08 3770.08 
noon-12 3450 -3539 0 3704.30 3539.30 
13 3386 -3498 0 3647.60 3497.60 
14 3054 -3133 0 3322.62 3132.62 
15 2338 -2425 0 2599.81 2424.81 
16 1572 -1643 0 1833.14 1643.14 
17 524 -591 0 771.02 591.02 
18 0 -52 0 212.35 52.35 
19 0 -86 0 261.46 86.46 
20 0 -107 0 247.12 107.12 
21 0 -1 0 121.04 1.04 
22 0 46 3656 120.00 0.00 
23 0 72 5777 100.00 0.00 
# solar panels= 48996 cost of system ($) 26877306.63 
power(kW) Remaining kW needed w/ solar and turbine lbs of biomass needed total kW excess kW total excess kWh/day 26536.71 
0 60 4800 60.00 0.00 total biomass kW 290 
0 60 4800 60.00 0.00 total lbs of biomass 23234 
0 42 3345 60.00 0.00 total tons of biomass 11.62 
0 4 346 60.00 0.00 
0 -26 0 96.11 26.11 
0 -26 0 100.85 25.85 
58 6 511 160.00 0.00 
1346 -1222 0 1441.65 1221.65 
2404 -2402 0 2552.48 2402.48 
2714 -2751 0 2906.44 2751.44 
3025 -3064 0 3243.75 3063.75 
3312 -3402 0 3552.14 3402.14 
3105 -3194 0 3359.35 3194.35 
3048 -3159 0 3309.05 3159.05 
2749 -2827 0 3017.28 2827.28 
2105 -2191 0 2366.02 2191.02 
1415 -1486 0 1676.00 1486.00 
472 -539 0 718.64 538.64 
0 -52 0 212.35 52.35 
0 -86 0 261.46 86.46 
0 -107 0 247.12 107.12 
0 -1 0 121.04 1.04 
0 46 3656 120.00 0.00 
0 72 5777 100.00 0.00 
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Table 2 - EU feed-in tariffs (in $/kWh) [17] 
Member 
State 
Wind Power 
-  
Solar PV Biomass 
Germany 0.09 0.56 0.12 
Italy 0.37 0.50 0.31 
Netherlands 0.15 0.66 0.17 
France 0.10 n/a 0.15 
Incentives such as the feed-in tariff or government subsidies for investors could have a great impact on 
what the costs for the investor would be when building a hybrid system. This program would be useful 
not only for people considering investing in rural areas, but also people considering investing to take 
advantage of these programs to make a profit.  
3.2. Example 
Balamurugan et al [18], a hybrid system is proposed for a village close to Chennai, India. The article 
proposes a system comprised of a 125 kW wind turbine, a 200 kW gasifier, a 20 kW PV array, and a 200 
Ah battery. The cost of the system is based on a 20 year plan with a rate of interest of 6%. The resulting 
design and operation scheme results in a COE of $0.1095/kWh [18]. Based on the current pricing 
information the current cost of electricity (COE) was calculated to be $0.12/kWh. 
Employing a similar wind turbine, a 150 kW wind turbine the Nordex N27/150 [19], 235 Watt residential 
Sharp Solar Panels [20], and a biomass system based on the Biomax 15 [21] are used for this analysis. 
and solar and wind information for Chennai, India was used [18,22]. Based on these input parameters and 
solar panels and Biomax 15, our solution was a system using a 150 kW turbine, a 450 kW PV array, and a 
70 kW biomass gasifier [23,20]. The solution with the lowest COE was the same as the solution with the 
lowest excess energy (this was true in this case but is not always true). The COE for the proposed system 
is $0.19/kWh. While this is higher than the cost of energy for the system with the battery, it is still not 
prohibitively high for locations where other options are limited. The cost of energy is also higher in our 
example because no energy is stored, thus the load must be met at all times as energy from the battery 
cannot be relied upon to supply additional energy when the components themselves cannot meet the 
required load. The energy storage can be very expensive, and it is typically addressed as an entirely 
different scheme. The COE can be lowered by trying different rated wind turbines, reducing the cost to a 
comparable $0.13/kWh using an 850 kW wind turbine and reduced amount of solar panels (as solar 
panels are quite expensive they bring up the COE) [24].  
Table 3 demonstrates how HYPORA allows users to look at different combinations of elements to 
determine the most cost-effective system. While Balamurugan et al [18] come up with a system with a 
lower COE than those determined by HYPORA, their approach combines a time optimization (i.e. when 
to run each component, when to let the battery charge or discharge) with the chosen system. As 
mentioned the use of a battery can offset the need for more solar elements and use a smaller wind turbine. 
While their optimization criteria are important, HYPORA will help users select components for their 
systems without going into an in-depth inquiry into when to run which components. Thus the system is 
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more user-friendly, and still meets the needs for the given location. Clearly, adding a storage component 
would most likely be beneficial in many instances, but this program allows users with little knowledge of 
the complex systems to understand the effect different combinations of elements will have.  
Table 3  Comparison of possible systems and COE [24, 25] 
Wind kW Solar kW Biomass kW COE 
125 20 200 $0.12/kWh 
150 450 70 $0.19/kWh 
500 370 72 $0.18/kWh 
850 9.8  60 $0.13/kWh 
3.3. Limitations 
HYPORA utilizes some simplifications and can give an idea of what power production would be at a 
given location, but since it uses averages for the year it can only provide the average daily output. The 
production may vary greatly by season, and the weather may not be consistent from year to year, resulting 
in numbers that may be different from the average values. The average values for wind speed and solar 
data. In some cases, data is only available for a few years. These years can be averaged to give a better 
idea of the distribution for an average year, but again it is important to keep in mind that the values for 
wind speed and solar irradiation may fluctuate from year to year, as may the price of components, 
operation and maintenance, etc. 
3.4. Further Development 
This is a project with a great potential to positively impact the lives of many people around the world. 
While the simplified model currently developed is only a small step towards the ultimate goal of this 
research, many additional steps could be taken to create a model that would account for many of the 
factors and variations that need to be considered before this program could be used to accurately predict 
costs. Additionally, changes to this program that allow the user to have more control and set more 
complicated parameters would make HYPORA more useful. 
 
Currently for a user to run the analysis, they need to manually download and transfer the data to the 
workbook to run the analysis. It is essential that this step become automated so that the user could just 
specify a location and the analysis would be performed without forcing the user to go through a series of 
steps.  
 
While there is room for improvement, this research is the first step on a path towards creating a tool that 
would help leaders, public and investors to wisely use their resources on systems that could provide 
electricity to areas currently not connected to an electrical grid. With every improvement, this research 
will come closer to realizing its ultimate objectives: to create a sophisticated and friendly tool that can 
help users setup environmentally responsible energy systems.  
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3.5. Conclusions 
A simplified model for the optimization of a small, hybrid, decentralized power plant was developed 
through this research. The model takes into account the basic principles governing electric power 
production from wind, solar, and biomass systems. It gives a general idea of the trends and a reasonable 
first estimate of how to optimize the power output for a specified area. It can also reflect changes in 
pricing, such as reductions in production costs for the various components or government incentives to 
invest in renewable energy. There is certainly room for improvement and further research and work needs 
to be put into this project to make the projections more accurate reflecting the local conditions. Keeping 
this in mind, it provides the foundation for what could be an extremely useful tool, providing the first step 
towards making electricity available to people around the world.  
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